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SUMMARY 
 
The following project  has the purpose of developing a toy able to communicate 
with children with ASD (Autistic Spectrum Disorder).  
The first thing to do is to understand what is ASD and how children with this 
disorder can react to a new toy, a new person or a new thing. It is important to do a simple 
design for the robot, because if it is very similar to a person’s face can make children 
uncomfortable. After this the plastic for the exterior case will be choose as well as the 
sensors that will integrate the robot to make it move. Following the electronic part, the 
selection of the microcontroller will be done and the code to make the robot work will be 
explain.  Finally there will be a description of the budget used for the construction of one 
robot, and what would it be for the construction of 1000 robots followed by a conclusion of 
the project.  
Resumen 
 
El  propósito del siguiente proyecto es desarrollar un juguete capaz de comunicarse 
con niños con Desorden del Espectro Autista (ASD).  
Lo primero es entender que es ASD y cómo se comportan los niños que sufren este 
desorden, para poder entender cómo pueden reaccionar a un nuevo juguete, a una nueva 
persona o simplemente a un nuevo objeto. Es importante que el diseño del robot sea simple 
porque si se parece demasiado a un cara humana podría llegar a incomodar a los niños. Tras 
esto es importante hacer la elección del plástico exterior y de los sensores que integraran el 
robot para hacer que se mueva. Tras la parte electrónica, se hará la selección del 
microcontrolador y se explicará el código que hará que el robot funcione. Finalmente se 
explicará el presupuesto de construir un solo robot o de construir mil seguido de una 
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Resum 
 
El propòsit d’aquest projecte es desenvolupar una joguina capaç de comunicar-se 
amb xiquets amb Desordre de l’espectre autista (ASD).  
La primera cosa a fer es entendre que es ASD i com es comporten els xiquets que 
sofreixen aquest desordre per a poder entendre com poden reaccionar amb un nou joguet, 
una nova persona o simplement un nou objecte. És important que el disseny del robot sigui 
simple perquè si es pareix massa a una cara humana podria incomodar als xiquets. 
Posteriorment es important fer l’elecció del plàstic exterior i dels sensors que integraran el 
robot per a fer-lo moure’s. Després de la part electrònica es farà la selecció del 
microcontrolador i s’explicarà el codi que farà al robot funcionar. Finalment s’explicarà el 
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1. OBJECTIVES 
 
The main purpose of this project is developing a toy that is focused on children with 
Autistic Spectrum Disorder (ASD) and is thought to continue therapies at home while being 
funny.  
 
The reason for this project is that on the market the similar products are very 
expensive therefore the idea is to develop a more affordable robot for household purposes.  
 
The main specifications that the robot has to fulfill are: 
- It has to have a neutral face in order to avoid children to get scare. 
- It must be able to move forward and backward and to turn around. 
- It has to have different sensors: Ultrasonic sensor to avoid objects, a light sensor 
to detect if there is light or not and a button to turn on and off the robot. 
- It should have two motors in order to make the robot move. 
- It must to be controlled by a microcontroller that in the future could be used to 
make the robot work with artificial vision. Also it has to be able to make sounds 
and to record words and phrases. 
- It has to be autonomous (it cannot be connected to a plug at all times). 
 
The project can be divided in five different parts: conceptual design, electronics, 
software, design and budget. 
 
The conceptual design is the part where with the toy’s specifications are defined, 
analyzing the capabilities that will be needed and the ways of achieving them. This part 
mostly takes into consideration the information gathered in the first steps of the project and 
it is put together in order to have a clear definition of the project and the parts that form it, 
always taking into account the resources that are available so the project is practicable. 
 
The electronic part is the section where everything related to the circuitry is 
managed. It includes all the different circuits that are going to be implemented for the 
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project, it includes a detailed explanation of every circuit and how they have been 
developed.  
 
The programming side was based on achieving the desired behavior of the toy and 
to manage the input provided by the child and respond accordingly. It can be divided in the 
selection of the platform and the actual programming. It will be developed over a 
Raspberry Pi. For some modules, external libraries will be used, which are open resources 
available for the project. 
 
The design part includes the selection of the plastic used and the design of the robot 
in a 3D printer. 
 
 In the budget section the total price of the project will be described. 
 
In overall, the product developed during this project has to meet most of the starting 
requirements and also it has to be specialized, highly customizable, affordable for 
households and useful at the same time as funny.  
2. INTRODUCTION 
 
“Autism is a lifelong developmental disability that affects how a person 





In other words, autism is a disability that affects 1 of every 68 children in the world, 
5 times more boys than girls.  Autism makes children see and sense the world in a different 
way than people. Most of these children have big problems to communicate, most of them 
do not speak, even though that most of them learn after some years. 
 
                                                            
1
 (The National Autistic Society, 2014) 
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Every child is different, but when it comes to children with Autistic Spectrum 
Disorder (ASD) this difference is bigger, they can be afraid of things that other kids would 
not be, such as animals, colors, textures or some kind of toys. 
 
Autistic children have more difficulties than other children to express their feelings 
and what they want or need. Also they have troubles making new friends or understanding 
other people (the way they feel or what they think). 
 
Two of the main therapies used to help children with ASD to improve their speech 
are Applied Behavior Analysis (ABA) and Picture Exchange Communication System 
(PECS). 
 
ABA is one of the most used therapies in this field. It is based on a positive 
reinforcement in day to day actions. It helps teaching the children how to stay in a lunch 
table or how to behave with other people. It is usually combined with visual cards to 
reinforce the therapy. 
 
PECS is based on the use of cards with different objects and words. This therapy 
must start with cards that only have pictures, then cards with pictures and words and finally 
only cards with words. These cards are mostly used for children to talk with their parents. If 
they want to eat they can show an apple card to their parents. It is also important to mix real 
pictures and drawings. 
 
Related to that, there is a quite new trend in research called Robot-Assisted Therapy 
(RAT) that is studying how social robots can be used to support the traditional therapies 
(ABA and PECS included) with professional educators, especially in the treatment of 
children with ASD. This is because children with ASD cannot understand facial 
expressions or emotions of their interlocutor and that leads them to social anxiety. It has 
been observed that this feeling of social anxiety is reduced if the child interacts with a 
humanoid robot. 
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There are some applications that recently have been developed in that area but they 
are still too expensive and not affordable for families. 
 
Here is where the “Smart-toy” (name this project will be referred to from now on) 
inserts itself: design a toy that follows the principles of the latest researches and the most 
effective therapies, but at a reasonable price in order to provide families having children 
with ASD with a household application that makes it possible to continue therapies at 
home, always keeping the idea of playing. The aim of the “Smart-toy” is helping children 
with ASD to develop speech, eliciting communication from them through game. 
 
3. CONCEPTUAL DESIGN  
 
The conceptual design was conceived as a part of the project in which the main 
features of the toy and the shape were defined. During this part of the project solutions to 
current sub-problems were analyzed in order to have an overall idea of the toy. In order to 
do so I got in touch with a psychologist specialized in ASD to established a series of 
parameters and sorted them by must, should and might, so the main characteristics were 
prioritized and decisions were taken. 
Some of the most important characteristics were that the toy had to be customizable, 
the card communication, the main game modes, the learning packs and the use of sound 
and movement. 
The customization was prioritized because every child is different and specially 
those who suffer from ASD have very different needs, so the aim was to give the parents 
the opportunity to choose as many characteristics as possible, including the external 
appearance of the toy (color and texture), the sets of cards that they want to use and the 
voice of the toy, giving them the opportunity to use their own. 
In the future the idea could be to make the robot capable of interacting directly with 
the children. For this a card communication system can be use, it could be a way of getting 
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the customization to the parents as, using a PC application and a printer, they would be able 
to make their own cards and sets as well as personalize existing sets. 
 
                                                            Figure 1: Apple card example 
With the cards the children would be able to interact with the robot, for example the 
children could show the robot a card and then the robot will say what is the card, in the case 
of the picture above the robot would say “apple”. Also it can be the other way round, the 
robot could ask the children “give me an apple” and the children will have to show the 
robot the apple card. 
The learning packs are a way of having smaller sets of cards related to each other 
(such as colors, fruits, animals…) so the child does not feel overwhelmed and also to allow 
themed learning. 
At last the way that the toy would communicate with the child is via sound and 
movement, which is the way that it would reflect that the game has finished successfully or 
not, as well as give explanations, commands and reflect simple emotions (like being happy 
when the solution is correct).  
It is important to notice that the part of the card communication is not going to be 
developed in this project but it is an important part of what it could be a future project and 
helps to understand better the complete work. During the project the main focus will be in 
designing the robot and making it move. 
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4. BACKGROUND DESCRIPTION 
 
The first idea was to design a new toy for children. Then the main point was focused 
on autistic children and therefore develop a small device to help them in order to improve 
their social skills, the ability to interact with the environment and also the ability to learn. 
After some researches, similar and already existing products have been found. There 
are some applications developed for research like:  
- Nao
 
(from 5.700 €) Designed for Special Education Schools. It is programmable 
and autonomous, with ability to understand speech. 
- Romibo (from 720 €) is a small robot, still in Alpha version at the moment, and 
not yet available on the market. It’s possible for the future user to choose its external shape 
and color and its main feature is that you can control it with an application for iPad. Target 
users are especially children with ASD. 
- Kaspar (not for sale) Research focused robot that is developed by the UH 
(University of Hertfordshire). It is used for research about human interaction with robots, 
especially with children with ASD. One of its features is having a simplified human face, 
with small expressiveness, which helps the children to interact with it. 
- Lego Therapy for autistic children is a useful program both for able-bodied and 
autistic children. It’s usually a role playing where, under the supervision of a therapist, 
three children build a Lego product and play different roles, rotating from time to time: 
there is a builder who has the responsibility to build the device, a supplier who has the task 
to search the pieces the builder needs and finally there is an engineer or an architect 
(depending on the applications) who gives instructions to the others. 
These applications are very expensive (more than 500 €) and not affordable for 
households. Therefore, there is a potential market for home applications which combine 
specialization and relatively low price because nowadays 1% of world population between 
7 and 17 years old suffer from any degree of ASD (Autism Spectrum Disorder) and 
education programs in schools don’t fully satisfy their needs. Children with this kind of 
TFG: ROBOT DESIGN TO HELP LANGUAGE DEVELOPMENT 
 
12 
LAURA HUERTA MASIA 
disorders have big problems with speech development and this makes learning and social 
interactions even harder for them. 
The following project will try to focus on PECS therapy and to keep in mind that 
autistic children have problems understanding facial expressions and this leads to social 
anxiety for them which can be a problem while trying to communicate with society. 
5. DESIGN 
 
The first robot design was done by hand by trying to put in a paper everything we 
had in our heads of how a robot had to look like. After a lot of testing, the final idea was the 
following: 
 
                                        Figure 2: Freehand drawing 
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The design is simple but efficient with no sharp edges and no human traits that 
could scare or confused the kid. It has only two eyes and a mouth in order to maintain it as 
simple as possible. For the design I talked with some parents and a psychologist in order to 
make sure that it was a good idea for and ASD children, they told me that you never know 




The idea of the design is to do a simple robot in order to avoid children to get scared 
with it. It must have a simple face and it has to be safe for children, that is why it must 
avoid to have sharpened corners.  
In order to decide which plastic to use, first of all it is important to know the 
difference between thermoplastic and thermoset. The main difference is how the material 
responds to heat. Thermoplastic become liquid at a certain temperature so they can be 
heated, cooled and re-heat without almost degradation. They are good for injection molded 
because they don’t burn, before that they get liquefy and this makes them easy to recycle. 
On the other hand, thermoset plastics can only be heated once because while heating they 
experience an irreversible chemical change. As they cannot re-heat they can’t be recycled, 
which it is not an important point of the project, but it is not good for the environment.  
After this, the best option it to use a thermoplastic. Inside this category it is possible 
to find multiple plastics such as PLA, ABS or PVC. 
PVC is one of the most used thermoplastics. It is commonly used in construction 
industry, but it can also be used for healthcare applications or daily products. It is very 
dense (compare to other plastics) and cheap, it is also very hard and it has a good tensile 
strength. It can be difficult to use injection molding with it because when melted it can give 
off a corrosive toxic gas so it has to be treated in a very well ventilated area. 
PLA is created with corn starch or sugar cane, which makes it very biodegradable 
(in contrast to other plastic that are usually made of petroleum). It is usually used for plastic 
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films, bottles or biodegradable medical supplies. Its low glass transition temperature can 
make that even if you leave it inside a car in the summer it melts a bit, and this can be a 
problem for an easy transportable toy. On the other hand, it is not toxic and it is one of the 
most used plastics in 3D modeling.  
ABS it is a very known plastic because of its used in LEGO bricks. It has a strong 
resistance to corrosive chemicals and mechanical impacts. It is very cheap and it is widely 
used for 3D modeling. Also, it is easily machined, sanded, glued and painted. As the other 
two, in normal conditions it is not toxic. 
In the following table a simple comparison of the three plastics can be seen. In order 
to understand it is necessary to understand some terms: 
- Melting temperature: This refers to the transition between solid and liquid, the 
lowest melting temperature, the easiest to deform with heat. This occurs in crystallines 
polymers, in amorphous polymers like ABS this temperature does not really exist. 
- Tensile strength: It is the force required to pull something to the point where it 
breaks. The highest tensile strength, the most resistance will be the material. 
- Glass transition temperature: This refers to the transition between solid and 
rubber state, which it is state between solid and liquid. The lowest glass transition, the 
easiest to deform with heat.  
- Heat deflection temperature (HDF): It is the temperature at which a plastic 
deforms under certain load. When molding, it is usually good to remove the part from the 
mold once it is below its HDT. As the plastic molding occurs at high temperatures, the 
highest HDT, the faster demoulding.  
TFG: ROBOT DESIGN TO HELP LANGUAGE DEVELOPMENT 
 
15 
LAURA HUERTA MASIA 
Taking into account all this considerations and data the best plastic will be ABS 
because it is widely used for toys, its heat deflection is the highest (even though it is closely 
to the one of the PVC), its melting temperature and glass transition is also the highest (it is 
important to notice that ABS as it is amorphous does not have a true melting temperature 
but it is possible to say that it starts to “melt” around 230ºC) and its tensile strength it’s 
between the one from the PVC and the one from PLA. Also among its advantages we can 
find that in can give the robot a very good finished and it is very cheap.  





In order to make the robot work properly it has to have several kind of sensors. In this case 
the sensors used are: ultrasounds, proximity, light and on and off button. 
- Ultrasounds: The ultrasonic sensor is used in order to avoid the robot to hit objects 
around it. It sends a high-frequency pulse, then measures how long it takes to the 
echo of the sound to come back and calculates the distance between the sensor and 
the object. In order to have the real distance we have to divide the value that it gives 
us by two (go and return of the pulse): 
 
         




For the robot four pair of sensors (HC-SR04) are going to be used, two in the front 
side and two in the back side.  
PVC PLA ABS
MELTING TEMPERATURE (ºC) 100 - 260 157 - 170 ~ 230 *
TENSILE STRENGTH (Mpa) 34 - 62 61 - 66 46
GLASS TRANSITION TEMPERATURE (ºC) 85 60-65 105
HEAT DEFLECTION TEMPERATURE (ºC) 92 49 - 52 98
ADVANTAGES - Resistant to water degradation
- No harmful fumes during processing





DISADVANTAGES - Harmful fumes when melting - It can be deformed easily because of heat
- Made out of oil 
- It need ventilation because the fums 
when melting
Table 1: Plastics comparison 
TFG: ROBOT DESIGN TO HELP LANGUAGE DEVELOPMENT 
 
16 
LAURA HUERTA MASIA 
 
                                                                                    Figure 3: Ultrasounds sensor HC-SR04 
 
- Light sensor: An LDR is used in order to turn off the robot when it has been 
inactive for more than 15min and the room it is completely dark, this is to avoid 
to leave the robot turn on during the night if the parents or the child forget to 
turn it off. An LDR has a resistance that decreases when there is  light intensity 
increase, this is why it is a good solution to detect if there is light or not in the 
room where the robot is, also its price is very low. 
 
                                                                                 Figure 4: LDR sensor 
 
- On and Off Button: A button is necessary in order to be able to turn down the 
power consumption of the raspberry pi. 
 
                                                                                         Figure 5: ON/OFF button 
 
 
TFG: ROBOT DESIGN TO HELP LANGUAGE DEVELOPMENT 
 
17 
LAURA HUERTA MASIA 
5.2.2. MOTOR DRIVER 
 
The motor driver used is DRV8835 from Pololu. It is a dual motor driver designed 
specifically for the raspberry. It can be placed above the Raspberry Pi and it allows to 
operate with DC brushed motors with a voltage from 1.5V to 11V and it is able to deliver a 
1.5 A per peak. It also has reverse-voltage protection on motor supply and under-voltage 
lockout and protection against over-current and over-temperature. 
 
Figure 6: Motor driver DRV8835 
5.2.3. VOLTAGE REGULATOR 
 
The voltage regulator used is the S7V7F5 from Pololu as well. It is a 5V high pass/low 
pass voltage regulator that is capable of producing 5V from inputs voltages between 2.7 V 
and 11.8 V. It can deliver 1A when the voltage is greater than 5V and 500 mA when is 
lower. It has short-circuit protection and a thermal shutdown that prevents damage from 
overheating. It will also power the Raspberry Pi throw it. 
 
                                                                             Figure 7: Voltage regulator S7V7F5 
 
TFG: ROBOT DESIGN TO HELP LANGUAGE DEVELOPMENT 
 
18 
LAURA HUERTA MASIA 
5.2.4. RASPBERRY PI  
 
The control of the robot is going to be done with a microcontroller. There is a very 
wide range of programmable platforms available for us on the market, the most widely 
known are the Arduino brand and the Raspberry Pi. The two platforms are going to be   
analyzed in this section in order to choose the most suitable one for the project.  
They are both open source, what means that all the code and hardware used is 
available to the user to see and change to his needs. Also they are autonomous, once 
programmed they don’t need connection to a computer in order to keep working. The main 
difference is the capabilities of each system, which will be explained in the following lines. 
On one side Arduino is based on its own programming language (Arduino), which 
is based on “C”, and integrates an ATMEL microprocessor and several digital and analog 
Input/Output ports (I/O ports). The main drawback of this system is that its processing 
power is relatively low compared to the Raspberry Pi and its reduced permanent memory 
size. 
On the other side Raspberry Pi is a system that integrates a Linux based OS and 
supports several programming languages, including C++, Java, Python, Scratch or Ruby. It 
also has several characteristics that make it suitable for our project, like an integrated web-
cam (it will be useful in the future for the image recognition), integrated sound I/O ports 
(they will be necessary in a future for the interaction between children and robot) and 
general purpose I/O ports (GPIO ports) (they will be useful for the connection of the 
different sensors). 
After comparing both systems and pricings, the system is going to be developed for 
the Raspberry Pi because it accomplishes all the necessary requirements mentioned above 
and at the same time it has a low cost and it’s easy to use. Also it can handle more power 
and the part with artificial vision can only be done with this one. 
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                                                          Figure 8: Raspberry pi model B+ 
5.2.5. ELECTRONIC DESIGN 
In the ISIS scheme the different elements used in the circuit are showed with its 
connections. This scheme would be needed in order to do a PCB in a future. 
Figure 9: ISIS Proteus electronic scheme 
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5.3. PROTOTYPE 
 
In order to make a more visual project it has been decided to print the robot with a 
3D printer. The printer used was a Ultimaker 2 Extended + which can use PLA, ABS and 
CPE as material among others. Its layer resolution is 20 micron (which multiplies details of 
0.02 mm) and its speed is up to 300 mm/s. 
 
Figure 10: 3D printer Ultimaker 2 extended 
It was mostly printed with ABS plastic except for the base because the printer run 
out of it and it was necessary to change the material. The base was printed with PLA plastic 
which is less resistant and it brakes easily. While printing the robot there were some 
problems regarding the design. The design was done with the Autocad Inventor program 
but when converting the file to the 3D printer format the size of the robot was reduced by 
two, making it very small. After realizing about this some modifications were done, but it 
was not noticed that even if the robot size in the 3D printer program was the correct, once 
printed the holes were not the correct ones, that is why it was necessary to make them 
bigger by hand.  
In order to make the wheels it was not possible to buy some proper ones because of 
the lack of time, that is why they were done also with the 3D printer and then finished with 
some elastic bands.  
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In order to make the prototype the first thing was to decide how to make the easiest 
assembly (this is why at the end the robot was divided in two parts). Then it was necessary 
to choose if it was going to be cut from top to bottom or from left to right, finally it was 
decided to do it from left to right because it was going to make the assembling and closing 
process easier. After this came the necessity of making a design small enough to fit in the 
3D printer and to be able to contain all the sensors, cables and objects necessary to make it 
work. Even though it was high enough, the base was still too small to be able to include 
two functional wheels plus the motors and the wheels, so it was necessary to modify the 
initial design and make the robot more round than in the initial idea. After printing the base 
it was still a bit small, that it is why it was decided to use a pin needle for the supporting 
wheel.  
 
                                           Figure 11: Robot and mechanism prototype 
In figure 13 can be observed two wheels, two motors and the raspberry pi. 
The wheels where made with the 3D printer as said before. Each of them has its 
own pulley in order to make easier the motion transmission between the motor and the 
wheel. If the motors were connected directly to the wheel, it would make a reduction 
mechanism and the wheels would move too slow.  
In the real product, the wheels would be a 32x7 mm wheels from Pololu. 
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                                                            Figure 12: Wheels 
The motors will be two brushed DC motors from Pololu with a 180:1 reduction 
gearbox that can work between 4 and 6 V. 
 
                                                                                Figure 13: Motor 
 
In the other side of the base the pin needle can be seen, in order to make of third support for 
the base. 
 
Figure 14: Base with the pin needle 
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The 3D printer used is the Ultimaker 2 Extended from Ultimaker.com. It can use PLA, 
ABS, CPE, CPE+, PC, Nylon and TPU 95A. Its layer resolution is 20 micron (which 
implies details of 0.02 mm) and its speed is up to 300 mm/s. 
 




For the elaboration of this budget the following data has been taken into account: 
- The prices shown have been obtained from real companies and suppliers. 
- The estimation of programming and design times have been obtained from the 
experience of people in the field. 
6.1. HARDWARE BUDGET  
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6.2. SOFTWARE BUDGET 
 
 
Table 3: Software budget 
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6.3. TOTAL BUDGET 
 
  
Table 4: Total budget 
- Industrial Benefit (20%)  Total * 0,2 + Total =  166.989,66 €  
- Final Cost (1000 u)  IB * IVA (21%) + IB =  202.057,49 €  
- Final Cost (1 u)  Final Cost/1000 = 202,06 € 
7. CODE 
 




This programs makes the robot move. It makes the robot move in an random way until it 
finds an object thanks to the ultrasonic sensor and changes its direction to avoid it. In the 
following flow chart the main structure to understand the program can be seen: 
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Figure 15. WorkingMain.py flow chart 
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The program has three main functions: 
Distance(): Function that calculates the distance between the sensor and the object. 
def distance( trigger, echo ):    #Function that calculates the distance between the sensor 
and the object. 
                                   
    overtime=time.time()+1        #time.time returns the actual time (this function is a 
general function from the RaspberryPi) 
    stop=time.time() 
    GPIO.output(trigger, True) 
    time.sleep(0.00001) 
    GPIO.output(trigger, False) 
    start = time.time() 
 
    while GPIO.input(echo)==0 and time.time()<overtime: 
        start = time.time()    #variable that keeps the start ultrasounds pulse 
    while GPIO.input(echo)==1 and time.time()<overtime: 
        stop = time.time()  # variable that keeps the ultrasounds pulse when it goes back 
 
# Calculate pulse length 
    elapsed = stop-start #show how far is the object by knowing how many time it cost to the 
pulse to go and return 
 
# Distance pulse travelled in that time is time multiplied by the speed of sound (cm/s) 
    dist = elapsed * 34000 
 
# That was the distance there and back so halve the value 
 
    dist = dist / 2 
 
#If the distance gives an error (time.time()>=overtime) will give 15 (neutral position) 
 
    if dist<0: dist=15 
 
    return dist; 
 
Time.time(): Returns the actual time. This is a predefinied function. 
Checklight(): Function that detects if there is light. 
def checklight(power_pin , read_pin):     #Function that detects if there is light 
 
    GPIO.output(power_pin, True) 
 
    time.sleep(0.5) 
 
    valor = GPIO.input(read_pin) 
 
    GPIO.output(power_pin, False) 
 
    return valor; 
 
    return True; 
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7.2. Shutdown.py 
 
This program makes the raspberry to shut down. It only has a function called 
Int_shutdown() that will make the raspberry to turn off. The next flow chart shows the 
working mode of the program: 
 
                                                                   Figure 16: Shutdown.py flow chart 
8. CONCLUSION 
 
This project started as a simple assignment for a subject during my Erasmus and I 
thought it was such a good idea that when I returned to Spain I knew I had to keep going 
with it. 
 The main purpose was to make a robot capable of relate with children with ASD 
because this children have a lot of trouble trying to communicate with real people. Robots 
like this one already exist in the market as it was stated before but they are very expensive, 
so the idea will be to make it cheaper. The final price is above 200€ but even though it is 
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cheaper than the other options in the market. It is important to have in mind that there are 
some costs that are not production dependent,(software budget) so the total budget can be 
decreased in a future.  
In the beginning the idea was to produce the future robot with a molding process but 
with the progress that it is happening with the 3D printing I think that it will be a good idea 
to keep the production with it because this is not going to be a massive product so it is not 
necessary a huge volume of stock and using this method makes the robot more 
customizable if possible.  
It is important to keep in mind that the robot is not completely finished because it 
will need the programing of the artificial vision in order to be able to recognize the targets 
but in conclusion I can say that this project will be very useful if  its development is 
continued and finished in a future and I am sure that it will be able to help a lot of children.  
8.1 Conclusión 
 
Este proyecto empezó como un simple trabajo para una asignatura durante mi 
Erasmus y pensé que era tan buena idea que al volver a España supe que tenía que seguir 
desarrollándolo.  
 El propósito principal era hacer un robot capaz de relacionarse con niños con ASD, 
ya que estos niños suelen tener muchos problemas al intentar comunicarse con gente real. 
Robots como este ya existen en el mercado tal y como se explicó anteriormente pero son 
muy caros, así que la idea era ser capaz de hacer algo similar y con un precio menor. El 
precio final supera los 200€ pero aún con eso es mucho más barato que las otras opciones 
en el Mercado. Es importante tener en cuenta que hay algunos costes que no dependen de la 
producción (presupuesto de software) por lo que el presupuesto total puede disminuir en un 
futuro.  
Al principio la idea era producir el robot en un futuro con un proceso de moldead 
pero con los avances que se están haciendo con las impresoras 3D pienso que puede ser una 
buena idea mantener la producción de esta forma ya que no será una producción masiva por 
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lo que no será necesario un alto volumen de stock y además ayudar a hacer el producto más 
personalizable.   
Es importante tener en cuenta que el robot no está completamente terminado porque 
necesitará ser programado con visión artificial para poder reconocer las tarjetas, pero en 
conclusión puedo decir que este proyecto será muy útil si su desarrollo continua y se 
termina en un futuro y estoy segura de que podrá ayudar a muchos niños.  
8.2. Conclusió 
 
Aquest projecte va començar com un simple treball per a una assignatura en el meu 
Erasmus però vaig pensar que era tan bona idea que al tornar a Espanya sabia que tenia que 
seguir desenvolupant-lo.  
 El propòsit principal era fer un robot capaç de relacionar-se amb xiquets amb ASD, 
ja que aquests xiquets solen tenir molts problemes al intentar relacionar-se amb gent real. 
Robots com aquesta ja existeixen en el mercat com es va explicar anteriorment però son 
molt cars, així que la idea era ser capaç de fer un producte similar però amb un preu menor. 
El preu final supera el 200€ però inclús amb aquest preu es molt més barat que qualsevol de 
les altres opcions al mercat. És important to tindre en compte que alguns costs no depenen 
de la producció (software costs) per la qual cosa el pressupost total pot disminuir un poc en 
un futur.  
Al principi la idea era produir el robot amb un procés de modelatge però amb els 
avanços que estan apareixent amb les impressores 3D penso que pot ser una bona idea 
mantindre la producció d’aquesta forma ja que no serà una producció massiva i no 
necessitarà un gran stock, a demès açò ajudarà a fer un producte més personalitzable.  
Es important tindre en compte que el robot no està completament acabar perquè 
necessitarà ser programat amb visió artificial per a poder reconèixer les targetes, però en 
conclusió puc dir que aquest projecte serà molt útil si el seu desenvolupament continua i es 
termina en un futur i estic segura de que podrà ajudar a molts xiquets.  
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import RPi.GPIO as GPIO 
import os 
 
def distance( trigger, echo ):    #Function that calculates the distance between the sensor 
and the object. 
                                  #time.time returns the actual time 
    overtime=time.time()+1 
    stop=time.time() 
    GPIO.output(trigger, True) 
    time.sleep(0.00001) 
    GPIO.output(trigger, False) 
    start = time.time() 
 
    while GPIO.input(echo)==0 and time.time()<overtime: 
        start = time.time()    #variable that keeps the start ultrasounds pulse 
    while GPIO.input(echo)==1 and time.time()<overtime: 
        stop = time.time()  # variable that keeps the ultrasounds pulse when it goes back 
 
# Calculate pulse length 
    elapsed = stop-start #tshow how far is the object by knowing how many time it cost to 
the pulse to go and return 
 
# Distance pulse travelled in that time is time multiplied by the speed of sound (cm/s) 
    dist = elapsed * 34000 
 
# That was the distance there and back so halve the value 
 
    dist = dist / 2 
 
#If the distance gives an error (time.time()>=overtime) will give 15 (neutral position) 
 
    if dist<0: dist=15 
 
    return dist; 
 
def checklight(power_pin , read_pin):     #Function that detects if there is light 
 
    GPIO.output(power_pin, True) 
 
    time.sleep(0.5) 
 
    valor = GPIO.input(read_pin) 
 
    GPIO.output(power_pin, False) 
 
    return valor; 
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#pines forward motor 
F1=15 
F2=37 




LDR_POW = 38  #power ldr 
LDR_READ = 40  #read ldr 
 
GPIO.setup(LDR_POW,GPIO.OUT)  # Trigger 
GPIO.setup(LDR_READ,GPIO.IN)  # Echo 
 
GPIO.setup(TRIG1,GPIO.OUT)  # Trigger 
GPIO.setup(ECHO1,GPIO.IN)   # Echo 
 
GPIO.setup(TRIG2,GPIO.OUT)  # Trigger 
GPIO.setup(ECHO2,GPIO.IN)   # Echo 
 
GPIO.setup(TRIG3,GPIO.OUT)  # Trigger 
GPIO.setup(ECHO3,GPIO.IN)   # Echo 
 
GPIO.setup(TRIG4,GPIO.OUT)  # Trigger 
GPIO.setup(ECHO4,GPIO.IN)   # Echo 
 
GPIO.setup(F1,GPIO.OUT)     # Forward motor 1 
GPIO.setup(B1,GPIO.OUT)     # Backward motor 1 
 
GPIO.setup(B2,GPIO.OUT)     # Forward motor 2 
GPIO.setup(F2,GPIO.OUT)     # Backwad motor 2 
 
f1=GPIO.PWM(F1, 200)  #configuration of F1 as PWM at 200 HZ 
f1.start(0) 
 
b1=GPIO.PWM(B1, 200) #configuration of B1 as PWM at 200 HZ 
b1.start(0) 
 
f2=GPIO.PWM(F2, 200) #configuration of F2 as PWM at 200 HZ 
f2.start(0) 
 
b2=GPIO.PWM(B2, 200) #configuration of B2 as PWM at 200 HZ 
b2.start(0) 
 















    time.sleep(0.5) 
 
    d1=distance(TRIG1,ECHO1) 
    d2=distance(TRIG2,ECHO2) 
 
    d3=distance(TRIG3,ECHO3) 
    d4=distance(TRIG4,ECHO4) 
 
    v1=(d1-15)*5-(d2+15)      # velocity of motor 1 d1-15 in order to have the distance 0. 
It is multiplied by 5 in order to have a bigger gain. After that d2-15 will be subsracted in 
order to make the robot to back a bit.  
    v2=(d2-15)*5-(d1+15) 
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    if(abs(v1)<15): v1=0  #it will make the motor to change its direction once the distance 
is less than 15 
    if(abs(v2)<15): v2=0  #it will make the motor to change its direction once the distance 
is less than 15 
 
 
    if(v1<0):                         #it will make the robot go backwards 
        v1=v1-((d3-15)*5-(d4-15)) 
 
    if(v1>0): 
        if v1>100: v1=100 
        f1.ChangeDutyCycle(v1) 
        b1.ChangeDutyCycle(0) 
 
    else: 
        if v1<-100: v1=-100 
        b1.ChangeDutyCycle(abs(v1)) 
        f1.ChangeDutyCycle(0) 
 
    if(v2<0): 
        v2=v2-((d4-15)*5-(d3-15)) 
 
    if(v2>0): 
        if v2>100: v2=100 
        f2.ChangeDutyCycle(v2) 
        b2.ChangeDutyCycle(0) 
 
    else: 
        if v2<-100: v2=-100 
        b2.ChangeDutyCycle(abs(v2)) 
        f2.ChangeDutyCycle(0) 
 
 
    if time.time()>start_time: 
 
        start_time=start_time+60*5 
        if checklight(LDR_POW,LDR_READ):  #if checklight is correct it will do 
timer=timer()+15*60, 15*60=15 min 
            timer=time.time()+15*60 
        else:              #if not, once 15 minutes have passed it will turn off 
            print time.time()-timer   
            if(time.time()>timer): 




This script will wait for a button to be pressed and then shutdown 
# the Raspberry Pi. 












LED_PIN = 33 
BUT_PIN = 35 
 
GPIO.setmode(GPIO.BOARD) 
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# Pin 35 (Header 5) will be input and will have his pull up resistor activated so 
it is only need to connect a button to ground 
GPIO.setup(LED_PIN,GPIO.OUT) 
GPIO.output(LED_PIN, True) 
GPIO.setup(BUT_PIN, GPIO.IN, pull_up_down = GPIO.PUD_UP) 
 
# If our button is pressed, there will be a falling edge on pin 35 and it will 
trigger this interrupt: 
def Int_shutdown(channel): 
   # shutdown the Raspberry Pi 
   os.system("sudo shutdown -h now") 
 
# Now pin 35 will be programmed as an interrupt input. It will react on a falling 
edge and call the interrupt routine "Int_shutdown" 
GPIO.add_event_detect(BUT_PIN, GPIO.FALLING, callback = Int_shutdown, bouncetime 
= 2000) 
 
# do nothing while waiting for button to be pressed 
while 1: 
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ANNEX C: PROTOTYPE PICTURES 
 
 
Figure 1: Prototype figure 1 
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Figure 2: Prototype figure 2 
 
 
Figure 3: Prototype figure 3 
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Figure 4: Prototype figure 4 
 
 
Figure 5: Prototype figure 5 
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ANNEX D: GLOSSARY 
 
The following words and their definitions apply within this document: 
- A Amps 
- ABA Applied Behavior Analysis 
- ABS Acrylonitrile butadiene styrene 
- ASD Autism Spectrum Disorder 
- CPE Chlorinated Polyethylene 
- DC Direct Current 
- GPIO General Purpose Input/output 
- IB Industrial Benefit 
- LDR Light Dependent Resistor 
- mm Millimeters 
- mm/s Millimeters per second 
- OS Operating System 
- PECS Picture Exchange Communication System 
- PCB Printed Circuit Board 
- PLA Polylactic acid 
- PVC Polyvinyl Chloride 
- RAT Robot Assisted Therapy 
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7.3.1.1 Overcurrent Protection (OCP)
7.3.1.2 Thermal Shutdown (TSD)









Email: info@sunrom.com or sunrom@gmail.com
Visit us at http://www.sunrom.com
Document: Datasheet Date: 28-Jul-08 Model #: 3190 Product’s Page: www.sunrom.com/p-510.html
Light Dependent Resistor - LDR
Two cadmium sulphide(cds) photoconductive cells with spectral responses
similar to that of the human eye. The cell resistance falls with increasing light
intensity. Applications include smoke detection, automatic lighting control,
batch counting and burglar alarm systems.
Applications
Photoconductive cells are used in many different types of circuits and
applications.
Analog Applications
 Camera Exposure Control
 Auto Slide Focus - dual cell
 Photocopy Machines - density of toner
 Colorimetric Test Equipment
 Densitometer
 Electronic Scales - dual cell
 Automatic Gain Control – modulated light
source
 Automated Rear View Mirror
Digital Applications
 Automatic Headlight Dimmer
 Night Light Control
 Oil Burner Flame Out
 Street Light Control
 Absence / Presence (beam breaker)
 Position Sensor
Electrical Characteristics
Parameter Conditions Min Typ Max Unit










Dark Resistance - - 1 - M Ohm
Dark Capacitance - - 3.5 - pF




















Voltage AC/DC Peak - - 320 V max
Current - - 75 mA max
Power Dissipation 100 mW max
Operating
Temperature
-60 - +75 Deg. C
Sunrom Technologies Your Source for Embedded Systems Visit us at www.sunrom.com2
Guide to source illuminations
Light source Illumination LUX
Moonlight 0.1
60W Bulb at 1m 50




The sensitivity of a photodetector is the relationship between the light falling on the device and the
resulting output signal. In the case of a photocell, one is dealing with the relationship between the
incident light and the corresponding resistance of the cell.
FIGURE 2 RESISTANCE AS FUNCTION OF ILLUMINATION
Spectral Response
Figure 3 Spectral response
Like the human eye, the relative sensitivity of a
photoconductive cell is dependent on the
wavelength (color) of the incident light. Each
photoconductor material type has its own unique
spectral response curve or plot of the relative
response of the photocell versus wavelength of
light.






























Micro SD Card Slot
(Under Side)
Raspberry Pi Model B+

Product Name Raspberry Pi Model B+
Product Description The Raspberry Pi Model B+ incorporates a number of enhancements 
and new features. Improved power consumption, increased 
connectivity and greater IO are among the improvements to this 
powerful, small and lightweight ARM based computer. 
Specifications 
Chip  Broadcom BCM2835 SoC
Core architecture ARM11
CPU  700 MHz Low Power ARM1176JZFS Applications Processor
GPU  Dual Core VideoCore IV® Multimedia Co-Processor
Provides Open GL ES 2.0, hardware-accelerated OpenVG, and 
1080p30 H.264 high-profile decode
Capable of 1Gpixel/s, 1.5Gtexel/s or 24GFLOPs with texture filtering 
and DMA infrastructure
Memory  512MB SDRAM
Operating System Boots from Micro SD card, running a version of the Linux operating 
system
Dimensions 85 x 56 x 17mm
Power Micro USB socket 5V, 2A
Connectors: 
Ethernet  10/100 BaseT Ethernet socket
Video Output HDMI (rev 1.3 & 1.4)
Composite RCA (PAL and NTSC)
Audio Output  3.5mm jack, HDMI 
USB  4 x USB 2.0 Connector
GPIO Connector 40-pin 2.54 mm (100 mil) expansion header: 2x20 strip
Providing 27 GPIO pins as well as +3.3 V, +5 V and GND supply lines
Camera Connector 15-pin MIPI Camera Serial Interface (CSI-2)
JTAG  Not populated
Display Connector  Display Serial Interface (DSI) 15 way flat flex cable connector 
with two data lanes and a clock lane
Memory Card Slot SDIO
MODEL B+

